Objective: Daytime intensivist physician staffing is associated with improved outcomes in the ICU. However, it is unclear whether this association persists in the era of interprofessional, protocoldirected critical care. We sought to reexamine the association between daytime intensivist physician staffing and ICU mortality and determine if interprofessional rounding and protocols for mechanical ventilation in part mediate this relationship. Design: Retrospective cohort study of ICUs in the Acute Physiology and Chronic Health Evaluation clinical information system from 2009 to 2010. Setting: Forty-nine ICUs in 25 U.S. hospitals. Patients: Adults (17 yr and older) admitted to a study ICU. Interventions: None.
issues call into question both the feasibility and desirability of expanding the intensivist staffing model in the United States (8) .
An alternative strategy for improving ICU outcomes is to focus on other elements of ICU organization, such as the interprofessional team and protocol-directed care. Nurses and other clinicians such as respiratory therapists are integral members of the interprofessional care team and provide the majority of direct patient care in the ICU. Thus, these team members are well positioned to influence outcomes by facilitating adoption of evidence-based practice. Indeed, data suggest that the presence of an interprofessional care team is associated with lower ICU mortality (9) . Similarly, protocol-directed respiratory care led by nurses and respiratory therapists is associated with faster weaning from mechanical ventilation, fewer respiratory complications, and shorter lengths of stay in critically ill adults (10, 11) .
Given the potential benefits of interprofessional care teams and ICU protocols, as well as the uncertainty about the feasibility of expanded intensivist staffing, it is important to understand the relationships between these three organizational strategies in the context of the modern ICU. If interprofessional care teams and clinical protocols explain some of the survival benefit noted with use of daytime intensivist physician staffing, these may be more practical targets for organization-based quality improvement. Moreover, to the degree that daytime intensivist physician staffing is not associated with improved mortality, resources may be better directed away from expanding the daytime intensivist physician staffing model and toward developing more integrated care models that are not reliant on individual clinicians. To better understand this issue, we used a detailed multicenter ICU organizational survey linked to patient-level outcome data to examine the interplay between daytime intensivist physician staffing, interprofessional rounding, protocol use, and patient outcomes.
METHODS
We performed a retrospective cohort study of ICUs participating in the Acute Physiology and Chronic Health Evaluation (APACHE) clinical information system from 2009 to 2010. APACHE is a nationally representative, fee-based voluntary clinical information system in the United States. APACHE provides risk-adjusted ICU outcome data to participating hospitals for quality improvement purposes (12) . APACHE contains detailed clinical information, such as primary diagnosis, comorbid conditions, and acute physiology scores for all patients admitted to APACHE ICUs. We linked these data to an ICU-level survey that included in-depth information about ICU organization and management. Details of the survey design are described elsewhere (13) , and the complete survey is included in the supplemental data (Supplemental Digital Content 1, http://links.lww.com/CCM/B388).
Hospitals and Patients
ICUs were included if they responded to the organizational survey without missing data on key variables. Patients were included if they were 17 years old or older on the day of admission. We included only the first ICU admission for each patient to prevent interdependence among observations.
Variables
We studied three primary exposure variables, all of which were derived from the ICU organizational survey: daytime intensivist physician staffing, interprofessional rounds, and mechanical ventilation protocol use (for the specific wording of these questions, see the supplemental data, Supplemental Digital Content 1, http://links.lww.com/CCM/B388). We defined high-intensity daytime physician staffing as either a mandatory intensivist consult or a closed ICU model, in contrast to a low-intensity staffing model, which we defined as either an optional intensivist consult or absence of available intensivists (1) . We defined interprofessional rounds as formal daily rounds with care providers other than the physician and bedside nurse, such as a respiratory therapist or clinical pharmacist (9) . We defined mechanical ventilation protocol use as having established protocols for both liberation from mechanical ventilation and low tidal volume ventilation strategy for patients with acute lung injury (i.e., lung protective ventilation). We selected these protocols because they are strongly associated with improved outcomes in the critically ill (10, 14) .
Our primary outcome variable was in-hospital mortality. Given the nature of our dataset, outcomes after discharge were not available. As in prior work, we classified patients discharged to hospice as dead upon discharge (13) .
We a priori selected patient-and ICU-level confounders thought to be associated with daytime intensivist physician staffing, interprofessional rounds, protocol use, and mortality (12, 15, 16) . Patient-level covariates were obtained directly from the APACHE clinical information system dataset. These variables included age, sex, emergency surgery prior to ICU admission (yes/no), mechanical ventilation on day 1 of admission (yes/no), acute physiology score on day 1 of ICU admission (scored from 0 to 252 with a higher score indicating higher severity of illness), admission source (emergency department, operating room, medical or surgical floor, transfer from outside hospital, and other), pre-ICU hospital length of stay (in days), and the presence of select comorbid conditions (AIDS, myeloma, lymphoma, diabetes, metastatic cancer, cirrhosis, and liver failure; treated as indicator covariates). We also controlled for the patient's primary diagnosis and reason for ICU admission (categorized as general surgery, cardiac disorder, respiratory disorder, general medical disorder, sepsis, trauma, neurosurgery, cardiac arrest, and other).
ICU-level covariates were obtained from either the APACHE clinical information dataset or the ICU-level survey. From the APACHE data, we obtained annualized ICU volume (treated as a continuous variable). From the survey, we obtained nighttime intensivist physician staffing (categorized as yes/no at the unit level), routine physician trainee participation in ICU care (yes/no), ICU unit type (categorized as mixed vs specialty), availability of electronic flow sheets for nurses (yes/no), use of telemedicine (yes/no), and the presence of a dedicated physician ICU director (yes/no).
Analysis
To compare ICU and patient characteristics across ICUs with and without high-intensity daytime physician staffing, we used chi-square tests and Wilcoxon rank-sum tests, as appropriate. To estimate the effects of intensivist physician staffing, interprofessional rounds, and protocols for mechanical ventilation on in-hospital mortality of critically ill adults, we fit a series of sequential multivariable logistic regression models. First, we fit three separate models to estimate the independent effect of high-intensity daytime physician staffing, interprofessional rounding, and protocols for mechanical ventilation on mortality. Second, we fit three models to estimate the relationship between high-intensity daytime physician staffing, rounds, and mortality: one model with daytime intensivist physician staffing and interprofessional rounds; one model with daytime intensivist physician staffing and protocols for mechanical ventilation; and one model with all three exposures together.
All six models adjust for the patient and ICU characteristics listed above, with the exception of electronic flow sheets, telemedicine, and physician ICU directors, as there was not enough variation in their use within categories of intensivist staffing to fully control for their effects. Continuous variables were modeled as restricted linear splines, and categorical variables were modeled as indicator covariates. We accounted for clustering within ICU using Huber-White robust standard error estimation (17) .
Because of prior work demonstrating effect modification between daytime intensivist (13), we repeated the entire analysis in the subgroups of ICUs with and without nighttime staffing. This analysis allows examination of the effects of daytime staffing, interprofessional rounds, and protocols for mechanical ventilation conditional on nighttime staffing, with the expectation that these effects may differ. We also performed several subgroup analyses in which we restricted the analyses to patients receiving mechanical ventilation on day 1 of ICU admission; medical patients receiving mechanical ventilation on day 1 of ICU admission; patients with a primary diagnosis of sepsis; and patients with a Glasgow Coma Scale Score of 8 or less at admission. We selected these subgroups because we theorized that these patients would be most likely impacted by the three primary exposures. To examine these subgroups, we not only fit separate models restricting the patient population to subgroup members but also tested interaction terms between our three primary exposures and a subgroup indicator covariate in the entire patient population.
We present our modeling results as a series of odds ratios (ORs) for the relationship between our primary exposures and mortality. All analyses were performed using Stata 12.0 (College Station, TX). We set significance at a p value of less than 0.05. This study used de-identified patient data and was considered exempt from human subjects review by the University of Pittsburgh Institutional Review Board.
RESUlTS
Our final sample included 49 ICUs: 27 (55%) had a high-intensity daytime staffing model and 22 (45%) had a low-intensity daytime staffing model ( Table 1) . Forty-two ICUs (85%) had daily interprofessional rounds. Forty-seven ICUs (96%) had protocols for liberation from mechanical ventilation, 32 ICUs (65%) had protocols for lung protective ventilation, and 31 ICUs (63%) had protocols for both. Neither interprofessional rounds nor use of mechanical ventilation protocols differed significantly between daytime intensivist staffing models, although ICUs with high-intensity daytime physician staffing were more likely to have physician trainees (p < 0.001) and electronic health records (p = 0.01) compared with ICUs with low-intensity physician staffing. The prevalence of our three primary exposures in relation to each other is shown in Figure 1 . Most combinations were represented, with the most common being high-intensity daytime physician staffing, daily interprofessional rounds, and protocols for mechanical ventilation (16 ICUs, 33%); and lowintensity daytime physician staffing, interprofessional rounds, and protocols for mechanical ventilation (13 ICUs, 27%).
The final sample included 65,752 patients, of whom 32,260 (49%) received care in ICUs with high-intensity daytime physician staffing and 33,492 (51%) received care in ICUs with low-intensity daytime physician staffing ( Table 2) . Compared with patients in low-intensity daytime-staffed ICUs, patients in high-intensity daytime-staffed ICUs were more likely to be admitted from the operating room (vs the emergency department); had a higher median acute physiology score; were more likely to receive mechanical ventilation on day 1 of ICU admission; were more likely to have a surgical diagnosis; and were more likely to have a Glasgow Coma Scale Score of 8 or less. Unadjusted in-hospital mortality was the same in high-and low-intensity daytime-staffed ICUs (13%).
The sequential modeling results are shown in Table 3 . Modeling each primary exposure separately and adjusting for patient and hospital characteristics, we found no significant association between ICU mortality and daytime intensivist physician staffing (adjusted OR = 0.86; 95% CI, 0.65-1.14), interprofessional rounds (adjusted OR = 0.79; 95% CI, 0.57-1.10), or protocols for mechanical ventilation (adjusted OR = 0.81; 95% CI, 0.64-1.03). The effect of daytime intensivist physician staffing on mortality was unchanged after adjusting for rounds (adjusted OR = 0.88; 95% CI, 0.68-1.13), protocols (adjusted OR = 0.90; 95% CI, 0.69-1.17), or both (adjusted OR = 0.90; 95% CI, 0.70-1.17).
Similar results were seen when we stratified the analyses by nighttime intensivist staffing patterns ( Table 4 ). In 12 ICUs with nighttime intensivist staffing (patient n = 14,424), collinearity between nighttime staffing and interprofessional rounds prohibited including this variable in the model. Consequently, these models only included daytime staffing and protocols for mechanical ventilation. In these models, we found no significant effects of daytime staffing but a significant effect of protocols (adjusted OR = 0.77; 95% CI, 0.60-0.97). In 37 ICUs without nighttime intensivist staffing (patient n = 51,328), the results were similar to the main analysis. We also obtained similar results in the four patient-level subgroup analyses ( Table 5 ).
DISCUSSION
In a large national sample of U.S. ICUs, we found that highintensity daytime physician staffing was not statistically significantly associated with lower risk-adjusted ICU mortality. Interprofessional rounds and protocols for mechanical ventilation were not associated with mortality and did not impact the relationship between high-intensity daytime staffing and mortality. These results provide context to the existing intensivist staffing literature, which demonstrates a variable mortality benefit associated with high-intensity daytime staffing (18) . Although early work demonstrated a strong mortality benefit, most of these studies were single-center, before-after analyses conducted in academic medical centers (1) . In contrast, more recent multicenter cross-sectional work demonstrated no significant benefit associated with high-intensity daytime staffing models (5, 6) . Together, these studies and our work suggest that in the modern era, the relationship between intensivist staffing and outcomes is likely smaller than previously thought.
These results have implications for the organization of ICU care. First, they indicate that isolated efforts to expand the high-intensity daytime intensivist staffing model are probably unwarranted (8) , particularly given known constraints on intensivist physician workforce (3) . Instead, efforts could be directed at expanding other organizational factors, such as the number of bachelors prepared nurses and improved nursing work environments, which are associated with lower mortality (19) . Efforts might also be directed at expanding care models in which intensivists do not directly manage every patients but instead simply oversee the ICU, with direct day-to-day care provided by hospitalists or nurse practitioners/physician assistants (20, 21) . These models may be more feasible than bringing high-intensity daytime staffing to ICU and, as evidenced by this study, may bring similar results.
Second, our results provide new insight into the current state of ICU organization in the United States. Nearly all ICUs in our sample had daily interprofessional rounds and a protocol for liberation from mechanical ventilation, demonstrating the achievability of introducing these practices to the ICU. That said, the presence of daily rounds or protocols does not guarantee consistent and effective implementation. Indeed, except in one analyses, these variables were not significantly associated with mortality in our sample. Merely assembling a group of professionals does not guarantee meaningful collaboration (22) , and even in well-staffed ICUs, low rates of compliance with evidence-based practice persist (23, 24) . More work is needed to understand how to ensure high-quality rounds and consistent implementation of care protocols. Third, our study provides guidance to future research examining the impact of ICU organization on patient outcomes. Despite comprising one of the largest sample sizes to date, our risk estimates not only included the null but also could not exclude a clinically significant effect, indicating a lack of sufficient of power. Part of our low power was likely due to a relatively low mortality rate of 13%, part of a trend toward declining ICU mortality over time (25) . Yet it is unlikely that larger surveys will solve this problem, as few ICUs have sufficiently detailed clinical data for risk adjustment. Instead, it may be necessary to use nonquantitative methods to better understand the organizational determinants of ICU outcomes. Qualitative research methods, such as ethnography, interviews, and focus groups, offer opportunities to examine ICU organization in a more detailed way than can be accomplished through quantitative means, helping to identify organizational and cultural approaches to increase ICU quality (26) .
Our results should be interpreted in the context of a previous study of nighttime intensivists performed in the same cohort of ICUs (13) . Although the cohorts for these studies are identical, the primary hypotheses and statistical models are different. The previous study demonstrated that nighttime intensivists provide a survival benefit in ICUs with low-intensity daytime staffing but not high-intensity daytime staffing. In our study, we find no mortality difference in high-versus low-intensity daytime-staffed ICUs, not only taking into consideration interprofessional rounds and protocols for mechanical ventilation but also stratifying by nighttime intensivist staffing. Although it is not possible to make causal inference from observational data, one interpretation of these results is that although adding nighttime intensivist staffing to a low-intensity daytimestaffed ICU may lead to mortality improvements, moving from a low-intensity to high-intensity daytime model may not.
Our study has several limitations. First, although our results were not statistically significant, our CIs were wide and we could not exclude a clinically significant relationship. Second, we only studied mortality, neglecting other potentially important outcomes that may be impacted by ICU organization which were not available in our dataset. Third, for practical reasons, we only focused on three key organizational characteristics that may influence quality and outcomes-other important factors, such as teamwork and collaboration, could Models adjust all a priori-identified confounders as the primary analysis, except for the models limited to patients receiving mechanical ventilation, which did not adjust for day 1 mechanical ventilation since that defined the patient populations. p values and 95% CIs test the relationship between each individual organizational factor and in-hospital mortality. Interactions terms testing whether the effect of each factor differs between patients in the subgroup and patients not in the subgroup were all > 0.05.
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November 2015 • Volume 43 • Number 11 not be assessed. More broadly, intensivist staffing is a nuanced concept, with more complexities than the mere presence or absence of an intensivist. Future work, both quantitative and qualitative, should attempt to further examine the interplay between intensivist staffing and other organizational factors. Fourth, our results may not generalize to all U.S. ICUs-since APACHE participation is both voluntary and fee based, our sample is a self-selected group of ICUs that may be more focused and committed to quality than other ICUs. In summary, we did not find significant differences in mortality for patients in high-versus low-intensity daytime-staffed ICUs in a modern cohort of ICUs. A continued focus on expanding daytime intensivist physician staffing may not lead to improved outcomes and may not be as efficient as other organizational practices that target interprofessional collaboration, which appear to complement the effects of daytime physician staffing.
